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PmrinnHQn nf a PRrmenfatihn Pyw<r.»%f 

The present invention relates to priscdsses of treating plant derived material to 
prpy'de an aqueous jfquof containing s^^^ whfch are used in a fermentation 
. process. tb produce a faiiien^^ such fenhentetloo products 

jhdu<J© for instance jsihanol, glycerol, aibetone, n-butenol, biitanediol, isopn^panol, 
butyric add, meFlliaiife. ciW^ apfd, fu|tiarlc acid, lactic acid, propionic acid, Succinic 
acad, liacpnic acid, acetip acid, ^cet^fd^yd^'and 3^hydro)Qrpropipnic acid. 

It is known to treat a blomass with acid in carder to hydralyse polysaccharides to 
the component dugara that can be" iped In a fermentation process to produce a 
fBrmenteiton product. For Instance US-A-4i3846S7 describes a method of treating 
blomass material in which it is subjected to a two stage hydrolysis; in which 
polysaccharides that are more easily h>^rolysed/such as hemfcellulase and then . 
in a second stage the more difficuitly depolymerisable material e.g. cseHulose, is | 
depolymerised using a nnore severe hydroiytic treatment The products of the first 
and second stagas inctude sugar sdlirtions and organic acids and aldehydes. The 
moriosaccharides are subjected to'ferm^tation to produce ethand and the beer 
resulting from the femientation. rnayihen lie subjected to recBflration to pnxJuce 
ethanol of comnoercfal grade. US-A-43848g7 sets out to provide Improvemenis In t 
more effrcient washing of Boiids, the use of co-currmt washing or countercurrent 
WBSIiing of solids arid proposes the use of ferric and or aiuminiurn ions as 
flocculaBna agents to separate finely disperesed solids nasulting firom the 
neutralisation of the hydrblysate liquor streani. 

Kyoung Heon Kim et al (AppHed Bipchemistry and Biotechnology, Vol G1-93, pg 
253-267) Investigates the continuous countercurrent hydrolysis and extraction of 
hemlcellulose from add pnstreated wood residues and considers the eff^ on 
drainage rate of such a pnetreated blomass. A continuous countercunrent screw 
extrador used relies on the percolaiion of water by gravity through the pretreated 
'biom^^r OnelSfffiS^^ 

drainage properti^ and channelling or biodcage may occur inside the extractor. 
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which can result in low sugar recovery or low throujgHput 

It would be desirable to Inr^pnove the drain^e- properties of 6cid treaited plant 
derived lYiaterlal in order to rnaxirnise sugar recovery. / 

It is also known from an NREL report entitled "Ugnocellu Jose Biomass to Ethanol 

Process Design and Economics of Co-Current Dilute Acid Prehydrolysis and 
, Enzymatic Hydrolysis Current and Future ScCTOT'os"NRELflP-5aO-261 5^ 

1999) to trwil cellulose as the second polysaccharide by a cellulase enzyme In 
i oidsr to hydrolyse the cellMlOse into rte component sugars. In one form of thte 

process the solid by-product resljdue resulting frorrt the^firat. hydrolysis step and 
. , containing cellulose IS divided irtlo a main stream and a secondary 
. . main;stream Is fed directly into the femientaH^^ 

:. Is passed to a cellulase pnaduction stage. In which fungi are allowed to grow and 
: „ ad: upon the cenuloss. such that sugars and .^ellulase are fornied. The sugars and 
V) cellulase are then fed Into the fermentation vessel and the cellulase acta upon the ■ 
^ . V cellulose from the main stream and cmwertsfl^ 

. lum can be fermented to produca the fernienfation product. / ' ' 

It is normally necessary to wash the solid by-fffoduc* ln,order to ensure that ft Is 
substaritlally free of add and In particular aratic acid v/hich is generated during 
the hydrolysis Of herrtcelluloseJt is necessary to do 

other impurities could poison the fungi used In the production of cellulase or the 
cellulase producsd therefrom. Nomnally the wash water is recycled water, for 
instance water that has been sepsrsited frcMn the still bottoms liquor In the 
distillation recovery of the femr^ntHtion product in whicJ) suspended solids have 
been removed. 

Since the wash vjwiBX may contein other impurities whfch COukJ be harmful to 
either the cellulase, or fennentaction processes it v/ould be desirable to rrtnimJse 
. Iha ari^unt of vjash v^ter used. 
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A partfcular problem th^ can occur, is that the eifficiency of the procesd can be 
yariabie arKl Sometirnes res^ prpductldn ofthefeirnentatlon . 

product There is a heed to further rmpraye the yield of fermentatfon product 
produced in this piiocess and to Increase the. production rate.^ 

According b the presehtinverrticrii we provide a process of proiducing 
fermeritafioh product corrqpirising steps of/; * : o . , • s 

. (1) ftrmlng ah acidified isuspension :oF particulate plaritderived material 
. compriehg a first polysadcharide which is^rnore readily hydrofysable ' 
and a eecorid polysaccharide Svhich Is more dffificuJt to hydrolyse; ; 
, :Cu) alipyvrng the first pqlysaccharidet^^ 

the acid at a temperature of Ht.least SO'^C -uji^ 
: "BTe first polyeaccharide is hydrolyrcd and thereby fen^ a nocture 
of an aqueous IJquorcDrltairiii1& dissolved §usar and a solid bsldue ^i; ^ 
/ containing the second pbiysaccharide, .v' r 
V ... (Ifl) SubjecKns thertiixturetoone prnrioresepara^^^ : 
solid residue and aqueous sugar liquor are substaritlally separated j- 
from each other, ' : . V 
(Iv) Optionally washing the residue substantially free of acid and sugar, [k 
' (V) adjusting the pHofthe aqueous liquor to a 

(VI) passlr^ the aqueous nquor from step (Iv) Into a ^ 
where the dissolved sugars are bcled upon . by a 
lemnentation broth to 'produce a fiemiantation product, 
.(vii) contacting the second polysaccharide by ah ensym^, said enzyme 
hydrolyses the eecorid pol^accharide to the component sugars, and 
allowing the component sugars to be acted iqpon by an enzyrhe In 
the fermentafion broth to produce the femDentatlon product 
(viij) separating the Jemientation product firom the broth, 
characterised in that the sepdratiorl stage(&) iti step (iii) is/are assisted by 
flocculation of the soHd by-product, employing one or rnore flocculating agent(s) 
selected from the groupconslsflng of water soluta^le^lymers, water swellabfe 
potynr^rs and charged micrcparticuIatem^riaK 
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We have found that surprisingly by udingi the special flocculation process In the 
sepanatlon stage, a confiistshil^ high yield of femtehtdiion product can b$ 
achieved. If is thought that the residual acid and sugar in the solid residue feed 
Interffe/es which theforrretlon of the enzyme and the action of the enzyme on the 
second pplyseccharide m th© solid realdue. This in turn results in Incorriplete 
conversion of the second polysaccharide Into the component sugars, which in turn " 
results In e reduced yield of fisrrneniatlon product 

Ttie improved separation stege in the pnscess also has the advantage that the 
sugarsolutlon resulting Irom the first hydrolysis stage is substantiaJry Itee Irom 
extraneous solid material, such as cBljulosicfibr^. 

According to the process of the present Invention, the enzyme which ads on the 
second polysaccharide may be Introduced direciiy into the solid by-product 
residue once separated from th^ sugar liquor resulting from the hydrolysis of the " 
fif^J poiysaccharide. This nray be introduced once tte second polysaccharide has - 
beran introduced into the fermentatiDn process. The enzyme may be introduced by • 
allowing a fungus to grow on the second polysaccharide, in vyhich the fungus 
generates an enzyme vi*iich hydrolyses the polysaccharide into Its component 
sugars, 

Tlie fiingus capable of pnaducing suiiable enzymes may be TMteftodenwa reeseA 
Asper^Ias rnger, Humkx^e Insolsns and ThmnomonoBp&nsi fasca. 



AltemativBly ths solid by-product containing fiie second polysaccharide is all fed 
Into the fenriantatfon vessel and a commercially available enzynr© is added 
directly Into the fermsnialion vessel in order to act upon the second 
poiysacchaiide. ' , 

ki one prSerre form of the Inventon iiie solid residue of step (iv) OTrrflSriiinsnSie 
second polysaccharide is divided Into a main stream and a secondary stream. 
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The main stream fs pa^ed direcUy into the fermentation stage, but tiie secondary 
stream of polysaccharide r^fdue id parsed into an eh:^me production stage. In 
this stage the enzyme is flenerate<f . by allowing fungi to art . 
nesidue, and this nasults in p^e .formation of enzyme and converts the second 
polysaccharide into Its componerit sugars. The enzyrf*6 and resuitlrig sugars are 
passed into the feirmentatlpn vessel; The "eniyme process resulte In the 
prbciuctibn of sufficierit ehzj^ to the second polysaccharide introduced 

into the fermentation stage ftom the^rnain stnsam. Therefore the second 
polysaccharide id the fermentation vessel Is then hydrblysed to the component 



Alternatively all pf the solid residue pf step (iyj cornprising tlie second 
polysaccharide is passed to ah enzyrne treatment stage in which, enzyme Is 
generatBd by allowing tUngI to grow;pn the p^^^ . 
hydrblyses the polysaccharide Into the component sugars and then passing the 
sugars Into the fermentation stage in which the sugars are converted into the 
femientation product However, the Incareastng concentratiori of Sligars could 
inhibitthe process of enzyme produptfon and so it may be necessary to 
. continually remove sugai^ that en^ fbnrned. 

',.-'*'* • ■ '* ' **» ' ■■*' .' ' . '"• * ' 

The plant derived material is t/plcally any readily available source of 
polysacqharfdeSt pardcularly cellulosic materials. Typic$felly the celluloslc material 
conriprises materials selected fixim the group consisting of herbaceous biomass, 
softwood biomass, hardwood biomass, sewege sludge, papermljl sludge and the 
bioriiass fraction of municipal sdrd waste. The herbaceous biomass may for 
instance be bagasse, rice straw, rice hulls arMd cotton gin trash. 

Preferably the plant derived material is ceiluloaicand cpmprfses hemlcellulose as 
the first polysaccharide and cellulose as the second polysaccharide. Generally 
the plant derived material also contains llgnln or lignin type materials, which 
remain In thes5lTby^product. ^ ' 
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The acidified suspension may be fornied by combining a parficuiate material 
comprising oeJluIose. hranicenulose and llgnln witti a dilute add. Alternatively the 
suspension can be made by treatment of a callulosic bidmass with sulphur dioxide 
gea, steam and water at an elevated temperature. Typically the process can be 
conducts by impregnation of the biomass material with SCfe gas followed by 
steam at 205 to 21 SX for B minutss and then tha addition of water to form a skiny 
(Stenberg et al., RecyoUng of Process Stnaams, Applied Blodiemisfiry, Vol 70-72, 
1998. page 697-707, 1998). ^ e 

By dilute we mean that fhe acid generaliy has a concentnatlon of at less than 10% 
by vifelght Usually though the concentration will be much lower, for instance at 
less than 5%. Ttw add may be a stror^ n^neral acid such as hydrochloric add, 
sulphuric acid, sulphurous acid, nltrlb acid and phosphoric add. Merriatively the 
acid may l^e a strong organic add, for example carbonic add, tarl^ric acid, . 
glucuronic add. formic add, trichloroacetic acid or other carboxyllc acids. 

The strong mineral ldeally e:^lblts a'pKa be!ovv4: Prefened resulls obtained 
by using either hydrochloric acid or Sulphuric add. 

The hydrolysis of the first polysaccharide is preferably carried out at a 
temperature of between 120 and 22tf*C for a period of 1 to 15 minutes, although 
lower temperatures are possible if the treatment time is Ic^lger. 

In each of the first and second hydrolysis stages, fhe resulting hydrolysete is tfien 
separated from the solid materials, preferably through pressing of the treated 
material to separate the residue as a solid product The solid product that Is 
separ^d may be subjected to et least one wash ^de to ren»ve any residual 
sugar soluHort from the solid. The wash c^cio comprises washing the solid produiS 
vM\ a suitable wash liquid. The wash liquid may be water. Normally the vyesh 
ywater is recycled Wjater, for Instance vwster that has been separated from the stiJl 
bottonrs liquor in the distillation recovery of ^e fermentation product In liVhich 
suspended solids have been removed. 
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The liquid hydroJysate which contains sugars arid acid can tiien be collected for 
further processing; When the polysaccharide Is hemlceliulose, the nesulttnig 
hydrplyddte is jg^nerajly Cs sugars and v\^en the second pblyisacchailde fs. 
- «ilul6se the hydrblysale gei^^ . . .v\. 

In each case it is impdrtant to adjust the pH oftha acid.^iigar liquors to a pH of at 
least pH 4. The pH adjustment waype done by additidn of a base or by use of an 
Ion exchange nasi n, which is capable of absorbing the ackJ. Pref^bly the pH of 
the acidified jaquebus ^ugar liquor that resuItS:iFrom the digestion process is 
adjusted to a pH of at least 1 0 by additidn of t^ase material eudi as sodium 
carbonate, and then subs^uent adjustrnent of the pH to rriore neutral or slightly 
acidic pH/ Desirably the pH rri^ lie.adjusted tp a pH of betv^en 10 and 12. 
preferably about 1 1 , by addition pf. ^ b^se. fellpvved by titrating back to 6 pH of 
between 4 and 5, preferably iabout .4.6. : . . 

The acid rnay be removed from the liquor by adding the hydrolyeate to a r^ln bed 
. and the acid is absorbed onto tt)e reslnirThe nesin can then be purged wjth a gas 
substantially free of oxygen, which pushes the acid put of the resin« The riesin can. 
then be .washed with water sUbstanKally firee @f oxygen. By renrKival of the acid 
from the liquor It would then be possible to produce an aqueous sugar stream. 
Icfeally the sugar stream contains. at least 98% of the sugar prMentjn the 
hydnalysate. . ): 

After, the separation of the acid fromi the sugar stream,, the acid Is preferably 
concentrated for reuse. The concentnation desirably can be achieved by 
evaporation. ;« .: . 

The femientaiion process of the present invention ^pically involves allowing Oie 
fermentatidn to proceed for 3 to 5 days. Volatile fermeritation products may Be 
^Gonfiriiuair)^ a"dobled condensing ' 

column. Desirably the fermenrtation^producte are collected from the condensing 



li:aB FROM CIBPI SC UT LTD 



TO IK PRT 



oolumn after three to five cteye and then disiilied. Preferably volatite fermentation 
products are separated from the brdth by passing the broth conr^irlsing the 
fermentation product into a distillation stage, \yhere the fsmientation connpound Is 
collected as a distillate and the residue 'still bottoms' is removed. Microorganiams 
can be seperated from the fermentation broth or preferably from the still bottoms, 
preferably through csntrifugatlon and can be recycled fpr reuse. In on© prefarred 
aspect of the invention the feninentatlbri prodi^ct is separated from ttie brolh by 
passing the broth comprising thefermenlation^produGt Into a concentration s;^. 
In which the fermentation compouruJ is coHacted In the concentrate and eslracled 
by at least one rheans selected from »ie grewp cpnslstlnB of ion ©Jtctenge. sohrent 
e^cBon and electrodfalyBis. . * 

• .... " ' .. ■ «i . • •' • . . 

The process can be used to prepare a range pf .fenTienfalion producl^, but 
preferably the fernientation productJs saiected from the group consisting of 
ettianol, glycerol, acetone, n-butanol. butanediol, feoprppanol. butyric acid, 
ryiethane, diric acid, fumaric add, lactic acid, propionic acid, succinic acid, 
itac«ric acid, acetic acid, acetaldehyde end SrhydroxypropibnlC acid. 

The microorganisms used fn the fernientation process of tile present 'awenSaan 
can be, for example, a yessi such as Kiyvemmyoes species; CmitSda species. 
Pichia species. Bi^ttanomyces spedes, SscK^mmnyce^ gpectes such as 
Saccftsromyces cerevferae and Sacch^^iomyoea wsrum, Hsnsenuta epedes and 
PBohysoten epedes. Alternatively, the microorganism can be a bacteria such as 
teoconosfoc species, aiterobaderspecfes. K/ei«ae//a spedes. Eminia specie^ 
San^ spKdes. Lacteftecflft/S spedes. Lac/ococcus species, P&dhcoccus 
species. OosiricBum spedes. jAceebbaeter spedes, G/uco/wfearfer epedes 
Lat^badllus spedes. Aspergillus spedes, ProphmbactBrium spedes. RhSopus 
species and Zymomonas moMia. In addition genetically modifi-sd strains may also 
be used. ^ 

Siri(»"the soild produrtganeralfycwnpns^^^^ aiialogoBslftat^-iale Bean ~ 

be particularly difiicuftto separate ftam the liquor. We have unexpectedly found 
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that the pixKiucfion of femientation prod lici can be significantly Improvecf by 
- applying a particular flocculati rig agent to the separation of the hydroiyeate from 
the solid jsroduct. We have foiind thdt tlie solfd product pan be more effidentty 
dewatered by the process and that a higher cake solidsvcan be achteved- Since 
the solid product can to more effidently d^ 

requirement for separation equtpnnient capacity and equipment that is less ^ 
expensive and lesB'ei^ensfve to^.o^^ 

since higher cake sblids can be dohiaved, less of the apid euigar solution remains 
in the residiral by-product solid. Henc^ the quantity of \vater required to wash the 
by-proclLf ct solid free of acid and sugar is much reduced. 

Suitably the flocculating agent is selected frop^^ 
. .* I soluble or water swenable'naturai.^^ s^ and synthetic polymere^ . .. 

: Preferably the polymer is synthetic ^nd may be fornied, by pdiymerlsatipri of at 
least one cat" pnic; non-ioriic or and/or anionid mondmer(s) alone or with other ; 
water soluble monomers, By water soluble we mean thf t the monomer has a . 
. ^ . . ;solubllf^<rfatleast5gnp0mra ; . 

Preferably polymeric flijcculating agents are formed frojn ethylenically j 
:/ ' unsaturated water soluble monomers that n&^dily polyjTierlse to produce high 

molecular weight polymers. Parecularly pr^femsd polyrnsrs Include monomers that 
; ' are aelectBd from the group oon^.^ng of polyacrylate salts, polyaciylamlder 
copolymers of acrylamide vnth (meth) anryilc scid or salts thereoi copolymers of, 
acrylamide wrth dielkyl^i^^^llQ^I (mpth) acryJate or aeid addition or quaternary . 
ammonium salts, polymers irfdiallyldimethyl ammoniurn diloride, polyamirteis and 
polyethylene imlne$. The polymerstmay be fi.hear, branched or crossrilnked. 

The polymers may k)e prepisred by any convenient conventional process, for 
instance by solufion polymerisation, gel poiymerisafion. reverse phase 
suspension polymerisation and reverse phase emulsion polymerisation. Suitable 

^^'^'^^^iSsfr^uaS't^^^ ^ ' — 
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8ulteble poJyrtiers are anionic polyrrfiars. The preferred polymers are calionic 
• polymers of eufRcferrtly high molecular weight such that ft eichibits an Intrinsic 
.. vrscosity of at least 6 dl/g. Such an'lntrfnsic vfeoosfty generally Indicates a 

polymer al se^ral million molecular weight, for Instance generelly greater tfian 
: 5,000.000 and usual^ at least 7,000,000. In general the caUonto polymer 
- preferably has an Intrinsic visGosity greatsr than 6 dl/g.#bflrai at (east 8 or a dJ^. 
' The intrinsic viscosity can be e@ high bs 30 dl/g or higher. In inany oases though 
: suitable caUonIc polymers exhibit an intmsic viscosity in the range of 7 to 28 dl/g . 
5 in particular 10 to 20 dl/g; In partlcfllar around! 14 or 1B-dl/g. 

•. Suitabte calionic monoiTterafndudequaternaiyammon 

monomere which contain amine flroups. Preferably the cationic polyhier fe fonYied 
. •. from a iTOnomer or blend of monomfers corhprlsing at laa^ onei cktlbnlc monomer 

selecfed from the group consisting of quaternary ammdlilum and anici Salts of 
: dJrTtethylamlnoethyl{mBth)acrylaie,^quslemsiy ammonium and acid salfe of 

.dimethylaminoethyl (melh) acrylatriide and disllyldimethyl ammonium chloride. 

The cationic monwners may be hompolymeriised or copolymerised with other 

monomera, for Instance acrylamldaThe cationic polymer* thus r«ay be any 

■ polymer that carries a cationic, provided of course that they are of suffloi^tly high 

■ rnolecular vreight to ea*ilblt an intrinsic ^dscoahy of at least 4 dl/g: Inttnsic • 
viscosity la measured using a suspended level viscomelsr In 1 M NaCI buffered to 

■■• pH7.5.at25°iC. >■ ■ ' f. 

; .- ' . -. ■ ■ •:' * ■-•• 

Th8 cationic pcdymars aoBording to the Invention may be prepared as 
substantially linear polymere or as branched br stmctuned polymers. Structured or ' • 
branched polymers are usually prepared by inclusion of polyethylenically 
unsaturated monomers, such as meihylene-bis-acrylamlde Into the monomer mx, 
for instance as given in EP-B-202780. Preferably however, the polymers are 
substantially linear and are prepared In the fonn of a bead or poojvdered prodm*. 




Suitably ths^oiymaFlcflboculafiri^^^ 

or aqueous dispersion. The polymer may be edded in an amount suffldenit to 
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: 6frectflb<xnjlatlon. TVplcally the aitifiuht Of polyirierie floccur^^ 
.. to Induce flocculation wduld be usually at least 0.002 \ireight % based oh weight of 
•: suspended solids. Usually Jsetter fioc»:ulation and therbfbre separaSbn can be 
: achieved If at feast O.Ol % Is used. TJio dose ffray be substaiitialty higher, for 
r (natertce up to 1%. However, optinrium floccuiaUon and^^paration Is normally 

• acliieved using doses In the range 6f 6^015% to o/2%respeola(iy 0. 02% to 0. 1 %. 
Following floGcuiatioh of tine suspended solicit the solid product ben be separated 

. from the hydrolyske aqueous llquop by niechahlcel. means, ^fe instance filter 
press, cenfrffuge. belt press, horizontal belt fitter or prssisure filter. The action of 
the flocculating agent greiatly enhances th^ separation of the solids from the liquor 
by corriparison to separetioh using sbiely mechanical nheans- We have found that 

•:■ the prdcess of Ihe present inyentlorfprovides'ia higher ra^ . 

: > residual aqueous liquor, which meiai^s that ahigher pjoportion of the sugar liquor 
is available for conversion Into the femnenlatioh product Likewis^ we find that the 

? aqueous liquor oorrtains much lower levels of extraneous susperiided celluidslo 

v. soIids/Furthemiore we also find th)^t less wash watsr isirequired:^ 

\ The solid product thsrt reisults from the separ&tion step shpuf d be. as dry ^ 

< possible in order to prevent any loss' of sugar,3whlch would otherwise be used in 

• the femientatlon process; v ; . ' - • 

\ In a further preferred embodiment of the present invention the flocculating agent 
^ Is a charged microparticulate material. ParticUariy suitebie examples of charged 
'} microparticulate materials include sweliable days, anidrilc, catiordcor amphoteric 
i microparticulate silica based rnaAerials and origanfc oro^^ 
> micnoparticies. . ..» 

The siliceous material may be any of the metarials selected from the group 
consisting of sfUca based particles, silica mtcrohgels, oolloidal silica, siifca sols, 
silica gefls, polysiiicates. aiuminoslllcates, polyaluminosllicates, borosilioates, 
' polyborosTiiMtesT zeolites^ swellable dayT^ ^ 
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This siliceous materia! may be In the form of an aniohiamicrapartfcuJate mateHal. 
Alternatively the siliceous material may be a cisUonic sitlca. Desirably the sfllceous 
material may be selected from silicas and polysincates.^ 

The poiysillcates of the invention may be pnepared Acidifying an aqueous 
Solution of an alkali metal silicate. For instance polysilicic mlcn^gels othenvise 
known :as active silica may be prepared by acidification 'of sikali metal silicate to 
between pH 2 and 10 by use of mineral acids or acid exchange naslns, acid salts 
and acid gases. It may be desired to age the freshly fc^med polysilicic acid in 
order to allow suffldent three dimensbnai network structure to fomn Generally the 
time of^ag^ng Is Msufliclentfiorthe polysllidc add to gel. Particularly prefen^ed 
ailioeous ntateriai include polyalumino-sillaates. llie polyaiuminosmcatee nr^y be 
for instance aluirdnaied pdysilidc acid, made by first IbrntiHg polysilicic acid 
rnicn^paiiides and then post treating wfth alum^^^ 

Aitem^iively the polyalurrtfnosilicates may be polyparticulate pbly^icflic mici^gels 
of i^urfece at^a in excess of 1000m^/g formed by reacting an alkali metal silicate 
with add and watsr Soluble aluminium salts/Typically the poIyalumlnosiHcatss 
mey hava a mole ratio of alumIna!slllGa of between 1 :1 o and 1 :15p0. 

PolyaluminosllksatBS may be formed by acidi'^ing an aqueous solution of alkali 
metal sSllcate to between pH 2 and 10 using concentrated sulphuric add 
cOTtainIng 0.2 to 2.0% by weight of a water soluble sluniinium ealt for Instance 
aluminium sulphate. The aqueous solution nnay be aged sufflclentiy for the three 
dimenslona} microgel to form. Typically the poiyaluminpSiJicate is aged for up to 
about two and a half hours before diluting the aqueous polysilicate to 0.G weight 
% of silica. 

The siliceous material may be a colloidal borosilfcate. The colloidal borosHioat^ 
may be.preparsd by contacting a dilute aqueous solution of an alkali metal silicate 
with a cation e3Gchang6 rssin to produce a silicic acid and then forming a hsel by 
mbdng togetiier a dilute aqueous'soluaon of an allidilTietarborafe 
metal hydroxide to fonm en aqueous solution containing 0,01 to 30 % Bath, having 
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r. apH of from 7 to 10.6. - 

. The 8wellable days may for instance be t/pically a bentonite type day. The 
preferred dajra are swellable In water an0 indude days which are naturally water 

: swellable or days wJiIch can be modiiRed, for instance by Ion exchange to render 
thern water 6^we^able Suitable water fiwelfable clays include but are not limited to . 

; days often referred to as hectorite, smectites, montnwrjlionit^s, rybntrohttes, 

: saponlte, sauconlte, horrriites. allapulgltes arid sepiolit^^^^ . - 

Most j3(Bferably the clay is a bentonite . 
< as an ^Ikall metal bentonite, Bentpnitea occur naturally either as ^jkallne 
. bentonites.,such as sodium bentonrte or es the alkaline earth metel salt, usually 
: . the^caloium or magnesium salt Generally the alkaline earth mBtal bentonltes are 

activated by treatment with sodium oarbonate or sad ium bicarbonate. Activated 
v: swellahte bentOTirte day te Often supplieii to t^^ 

Alternatively the bentonite may be provided a? a high solids flowaWe slurry., for . , 
: Krarip!eatleast15br20%soiids^^^ . y . - 

, When the diarged microtrarticulate material comprises an organic CTOSS-ilnked 
. polymeric micropartides. The rrMcropartides may be m^d© as nilcrbemulslons by 
. : a process emplpying an aqueous solution corriprising a.cationic qi; anionic 
: monomer and crosslinWng agent an oil comprising a saturated tiyc^rocarbon; and 
y an effeclTvearnoiJaTt of a surfactants^ 

about bT6 iTtfcron in linswollen nunriber average particle size dia^^ 
Microbeads are also made as microgels by procedures described by Ying IHuang 
at al.. Makromol. Chem. 186, 273-281 (1 985) or may be obtained.oommerdally 
as microlatices. The term "micropartide", as used herein, is meant to include all of 
these configurations. i,e, beads per se. microgels and mlcrdatices. 
The charged n^cropartide material nray be used In amoMnts of at least 0.0D2% 
. based on weight of suspended solids. Typically though .the doses are usually as 

T w^hiTo:^^ ' ~ 

= inorganic, the dose is usually in excess of 0.08%, preferably in the renge 0.1 to 
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0.6%. When the charged microparlici© fe organic the dose is typically below 0.3%, 
preiiai^ly In tfie range 0.02 to 0.1%. 

. ■ . ^1*' t 

Unaqjectedly w» have found that the hydrolyaete liquor can bs separated 
f particularly rapidly wh«n the flocculatlon is efiiacied by employing a water soluble 
or wat©r-svtfsllable polynier and a charged microparticulate material. In one aspect 
\ve find that parlicuiarly effective flocculation end separation of the soHds firom the 
liquor is efiscted when flocculation is evfected .fay intFodwdng an enionic 
.. micropartiole material into the mixture and then reflo6:ul.ating by adding a calicinic 
ll^ or substantialty non-tonic pbiymer. In a furtherpiefeifed embodimf nt of the 
r; present inverrHon we find thaftespeolally fart eind efficient separation of sofids is 
, 4 ischieved by a process In.whfch tloccutetlpn l^^effected by Introdudng a csiipnie 
:■[ polymer into th©;nibdureahd*enreflociw!atitQ by acWing an «nip^^ 

.. mtcropfariiculate mateiial. ' ^ 

v TTwfdlqwrfngEsim|3lesllluetr£rt6Sfil©lnyentl«»i. 

***** "y** ■ •• 

.'.V pre-hydrolysis: Milled wood chips st<Barnsd wiSi low prsssure sieam to 

■ 'approximately 1 0O'C. After steaming. concentrated sylphurio add Is diluted end 

• added to the mi;*UTe until the mixture contains 0.52%.^cid and the solids In the 

• reactor are 22^4 by weight The nwrtum is then sts^nTsd healed to 175-C for 1 5 

' rrdnutes. The mixture i&1h©n flash cooled for 4 6 min^p to rsmovfi 6.5% of . the 

' ac^c acid and 61% of the furfural and hydroxsflmeth^^ 

Separation: The 26% Insoluble solids present In the pre-hydrolysed slurry 
.' (containing 0.38% sulphuric add) is'than separated on a filter press. Prior to 
pressing solutions of flODCulant or floccuiants (at 0.2 to 0.5% solids) and/or 
particulate suspensions (at 0.2 to 0.5% solids) sre added into Hie feed strsam 
with necessary agitation at e dose of 0.22 to 2 Kg per tonns of solids. Rocoulanis 
■ ingFeasethi rale offlBs'drainiage by gravity thncugh a porous beK,- befere - - - - 
: preparation of a filter cafee In a wedge zone end subsaquent further deaffitering in 




05-fllJG72002 11830. FROM ;, CIBfl SC. WT LTD • TO UK • r.^ta^^r 



15 



a pressure zone. A method of reducing the tbxi'ns remaining in ihe liquid portian Is 

After Ion exchange for the removal of acetic add, the liqidd iiortion of the ^ 
hydrolyzate is addrfied to pH 2 by the addWonybf sulphuric acid. Lime is then 
added to raise the pH to 10 and heated to SO^C. Tiie lii^uld then adjusted to the 
fermeiitatiori pH oM foi:4 hours aflpwlng gypsum cryi^ls.tofenm forseparaBon 
^;byflftration,-. ".-v?: . ' ' vT ' 

Simulterieoue Saccharification and Co-Famteitlatioh: Detoxified and diluted 
hydrolysed solids is split to ceiiulase fermenta^ons, Z mobilis seed production 
andSSpF fenrnentere. The hydrolysg stream is 22% solubfe and insoJuble 
solids, TTie portion ipf hydtolysed sojid f66idue>fe Split Sff for Z. mobili^ seed 
production is approrfmately 10%. the portion of hydrofy^e split Off for ceiiulase 
production is dependent on the ceiiulase yield on the xylose anci cellulose present 
and the require loading of enzyme in the S?CF. For ceijulase production pre- 
hydroli^ed solid^ conditioned Hy^ liquor, recycle water, corn steep liquor 

(to l%ij and riuWents ((Nll4)2S04, KHzPO*. RteS6*-7HiO CaCIa.2H20 and IVreen 
60) and a>m oil as sn ishtllbam (Q.1% v/v) are^TOmblned to give a final c^llubsG 
concentration of 4%. Jhfe batch is then run tor .1 60 hours at 28"C to produce 
ceiiulase. For SSCF, detoxifiad hydrolysate slurry (22%iotai solids) Is cool^ to 
36*C and added to the fert-menter together vwth 10%(y/y) $6ed inoculum. Com , 
steep liquor Is added to 0.25% and <illulase to glve a fioal concentr^on of 1 5 
FPU/g cellulose Wilrfi results in an initial cellulose concentration of 22% , The * . 
SSCF femnerrtatipn in which cellulose is converted to fermentable sugars by 
ceiiulase and the fermentable sugars converted to ethanol by Z. mob^ takes 7 
days, y , 'V- r 

ExampIfi-2. 

Pre-hydrolysia: Softwood chips (2 min) with a diy solids content of 48% were 
added to 400 g of water and heated io 190'C. Once ^ 1.90"C sulphuric add was 
- addedtp a concentration of 0:7% under, nitrogen pressure and tba.mlxtui:ejv^,.=_ 
left tor 3 minutes. The temperature vyas rapidly reduced to 80*C and the insoluble 
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solids present In the pre-hydrolysed slurry (containirig 0.32% sulphuric acid) is 
then separated on a fflter pines$. Prior to pressing solutions of flocculanl or 
flocculants {at 0,2 to 0.5% solids) and/or particulate sospensions <at 0.5 to 1 5% 
solids) are Injected into the slurry V^lth necessary agitation at a dose of 0.2 to 2 Kg 
per tonne of solids. 

Enzyrric hydrolysis: Tap w^r was added to the recovered pre-hydrolysesd solid 
. matter to adjust the dry matter content of the suspension to 7.B% (wAv). The pH 
was adjusted to. 4.8 with calcium hydroxide and then lb%(w/w) sodium hydroada 
was used to maintalri the pH at 4.8'during hydrolysis. To^perform the hydrolysis 
celiulase (actiyiily 75 FPU/g)i was added at aldose of 0;^75g/g of fibrous material 
supplernented vwih 0-025 gVg cellobiese (p-galactosid^se acHvBy 400 lU/g); 
Hydrolysis was allowed to jiroceed for 4 days; The solid residues-were then 
separated in a filter press Prior to pressing solutions of flocculant or flocculants 
(at 0.2'to 0.5% solids) or pi^rticuJate'suspenslons (at 0.5 tq 15% solids) ere added 
Into the slurry with neoesa^ry agitation at a d'dss of 2 td'l 0 Kg per tonne of solids. 

Fermentation: The hydrolykate was supplemented to a final conqentratton of 0,3 
g/L (Nfli)2S04 and 0 025 MgSO^ jftzO arid inoculated vwfti yaast to a 
conc^traHpn of '1 %(w/v). 'the fem^ntailon mainl^ined at 2&C and at pH 
4.8 by fee addition of 10%'(w/to) sodium hydrdidde. 




1 . A process of pppducing fermentation product compWsfng the atseps of, 

. (i) forming en acidified suspension of particulate plant derived material 
conriprising a first polysaccharide which Is more reaidir/ hydrolysable 
and a second polysacchaiide which is mbre difffcuit to bydrblysa, 

(ii) allowing tha fii^t porysacchiaride to undirgo hydrolyals by adSon of 
t^B acid at ^ temperature of at l@w^ 

the firat polysaccharide |s hydrolysed aii'dvtheraloy fbmrrinig a mixture 
of an aqueous liquor cofitaIhlng ;dl88olved^ 
cohtaiiilrig the second poly^coharld^ t 
\ : (jji) subjecUhg tha mijcturei.to one od more separation stages in which flie 

solid, rasidua and aqueous sugar liquor aie substaniially separated 
•'*:'••" ■from eactfi other,- - .v''./-. • . It : • .^^'^ < ' • " 

(Iv) optionajty washing the residue subsiantiaily free of acid and sugar, 
: " (v) adjusting the pH of the aq uepus liquor to;at least 4, 

(Vi) pawing the aqueous liquor from'step (iv): into a femientatlon stage 
where the di^oivad sugars are acted upon by a mfcroorganism in a 
fWmehtatibn broth torproduce a:^ 
(vii) contacting the second "polysaccharide by ikn enzyma. said enzyme 
' hydrply^es the second polysaccharide to the compqnaht sugars, ahd 
aliowfng tha coniponerit sugars'fb be acted upon tyy an anzyme in 
the fermentation 
(yiii) separating the fi^m^entafibn prc^^ 
characterised in thatthe separation 6taga(s) Iri step 0") is/are assisted by 
floGcuIalron of the solid by-product, employing one or more flocculating agent(s) 
selected from the group consisting of water soluble polymers, waiter swellabia 
polymers and charged miOTiparticulate material. 

2. A process according to daim 1 in which the solid residue of step (iv) 
comprising the second polysaccharide is divided Into a main stream and a 
secondary stream* and passing the main stream directly into the farmantatlon 

wherein the secondary atream of polysaccharide residue is passed into an 
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enzyme production stage, In which enzyme is genemted by allowing fungi fo act 
of the polysaccharide residue, resulting In the fbrmatidii of enzyme and SL^gars 
p^uWng from the second polysaccharide coritalned'withln the secondary sbeem, 
then passing the enzyme and sugars of step (tflli) into the fernr»sntation stege, 
wherein the enzyins acts on the semnd polysaccharide fn the ferhnentstion vrasel 
and hydrolyses the second poJysec<^arjde to'the component sugars. 

3. A process according to da?m 1 in which the solid residue of step (iv) 
comprising the second polysaccharide is passed to an enzyme treatment stage in 
whfch Enzyme is generated by eilowing fungi to grow on the polysacdiarlde, 
which enzyme hydrolyses the polysacdiarldelnto tfie component sugars and then 
passing &ie sugars Into the fem^ntatfon stage In vvhich'the sugefs are converted 
inio the ferrhenteHon product. , ' * /i* .. . .v 

4. A pmcess according to any of claims 1 to 3 in which the plant^derlved ' 
m^enal comprisss nrtateriels selected fi-om the group cdVislsting herbac^us 
blomasSj softwood bionrass, h^ndhvddd blbmass, sewage sludge/paper mill 
sludge end the blomass fraction, of municipal solid v^ste. 

5. A procass according fo any oT claims f to 4 ir^ which the plant derived; 
material Is cellulosic and ronr^Drises hemicellulose e?^ tfie first polysaccharide and 
cellulose as Hie second polysaccharfde. ' » " - 

a A process according to any of claims 1 to 6 In vyhich ihe acid has a p}<a of 
balow 4 end has a concentration up to 2% by weight 

7. A process according any of claims 1 1»-6 In which the add Is selected from 
sulphuric acid and hydrochloric acid. 

3. A process according to any of clalnns 1' to 7 in which the hydroli^is of th^ 
first pbij^accharide Is conducted at a t^nrqp^reture of between 120 to 220% for a 
period of from 1 minute to 19 minutes. 

a A process accmilr^ fo any of claims t'to 8 in which the Hoccuietlng agent 
is selected ftOfd the group consisting of water soluble or water sw^lable nigiturel, 
semi-natural and Synthetic polymers, 

10. A process seconding to daim 9 in which the polymer is foimed from a wsster 
soluble monomer or blend of monomers. 

11. A process according to daim 9 in which tile polymer is selected from the 
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group ainslsOng of pdj^crylate sil^, polyacfYlamide. <»poiymers of acrylarnide 
with (m!alti) aciyllc acid or aiate thereof/ 

diaikylaminbajkyl (meth) acrylate or ^dd additipn or quaternary arnmonium salts, 
polymers of diallyidirneth^ ammonium chloride, pojyamlnes and pdyethylen^ .■■ 

imines... : , 

12. Aproc»ssaccorxJIrigtoariyo(fdairih®1,to11 i 
Is a charged microparticulate rriatBrial.' . /. y A.' f 

ia! in^prixjess according daimi2,jni«hich.aie*^^ 

matsrifl is selected fi-orn the group Qohfitetlrigjpf swyellable days.. anionic c?rtionlc . 
! orarTiphotericm!cropartl<^ilatesflioa.ba8e^ I 
• polymsfic mlcr^areolBsi. . '■: = ' . ''k^ . •■. 

14. A pi^cess.accordina to any. one of olainis 1 to 13:ln which, flocculation is 

. aHectad by erv^ioying .a water soluhte of vwrfefHswreli^^ a cTmig^ 

mlcroparticulate material. j- ;? 

15. A process according to ariy pne.of dairns 1 to 1 4 in which .floccuiafqn is 
effected by introducing an anionic nriioropartcle material Into the mixture arid then 
refiooculating by adding a substantially norni^^^^ 

16. Aprocess acMrdingto anyone ofciei!^^ 

effected by Introducing a catlonic polymer intO:the mixture and then reflocdilatlng 
by adding an anionic nilbropartiaulafe material. 

17. AprocesSaccprdingtpanyoneofidaiiTisi to 

effected by Infroducino a catlpnio polymer Inttf the mixture and tijen renocOUlating 
by adding an anionic polymer. 

18. . Aprooess according to any one of daims l to 17 in vyhlch flocculatlqn Is 
effected by introducing an arilonic prtymer liito the mixture and then reflocculating 
by adding a cati'onlc polymer. . ; 

19. A prxicese according to any of daims 1 to 18 in which the solld-by product 
material comprises lignin. . 

20. A process accoreling to any of daims j to 1 9 in which the femientation 
product is selected from the group iconajsting of ettianol, glycerol, acetone, n- 

" butan^cTfa^n^ro^preiOT 
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lactic acid, propionic add, $ucc]niG acid, itacx^nio @oid, eiGstic add; aceteldehyde 
and3-liydrQxypropiOnicaoid. 

21 . A process according to eny of clatms 1 :to 20 in ivhicli the fermentation 
product is separated from the broth by passing the broth comprising the , 
fermentation product Into a distfltetlon stage, wher6 the femrientation compound is 
collected as a distillate and the residue 'still bottoms' is removed.; 

22. A process according to ^ny one of dalms 1 to 21 in which the fermentation 
product i$ eeparated fl-om Itie bnoth by passing the brotti comprising the 
femrentation product into a concentration stage, in Which. the ferT7|entation 
bonpound Is colji^ted in the concentiate andtjsxtracted/by at least ona means 
seiacted finom the group consisting Of Ion exchange, ^lyent eixtrscb'on and 
e!©clrodIalysis. ,j t- : . 
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A process of produbino ffenmentatfon^jjroducl comprising the steps^of;, 
(I) forming an addifiedsuspension of parS^^^^^^ 

Dornprising a first polysaccharide which is mor^ rBadily hydrolysable 
and a second polysaccharide which is rnoi^^ difficult to hydrolysable, 
(il) allqwr^g the first pbiys^aTC^ 

^ the acid at a temperature of at least 5(fo tinder conditions sudh that 
the fiTst polysaLOcharide is hydrolysed andj theraby fermlng a mixture 
of an aqueous liquor oantaining dlssolv&d sugar and a solid reaWue 
contairringtt^eaecondrpolYBacchSricte/^^^ 
(III) subjecting the nrOxture to one or more sej>af)ation stages In which the 
solid residue and aquabu9 sugar liquor are substantially separated 
from each other, ■ 'l' 

(Iv) optionally waisfhlng the residue substanti^ly free of acid and sugar, 
(V) adjusting the pH of the aqueous llqiior to at least 4, 
(vl) passing th^ aqueous liquor from stejj (i v) into a femientation stage 
where the dissolved sugars are aded upoh-by a microoigartisml In a 
femientation broth to produce a femrenfetiGn product, 
(vll) contacting the second poly^ccharide by an eiuyme, said en^rnie 
hydrolyses the second polysacctiarlde io the component sugars, and 
allowing the component sugars to be apted upon by>n en2ym^ In 
the ferrfferitatlon broth to prirfupe thfefei^^ 
(vlii) sepamfing th© fermentafioh product from the broth, 
characterised in that the separation 8tage(s) in step (iiO is/are assisted by 
floccufertion of the solid by-product, employing one or more flocculating agent<s) 
selected fixjm the group consisting of water soluble polymers; water swellable 
polymere and chaiged microparticulate material. Typically such fennentation 
products ir^Olude for Instance ethanol, glycerol, acetone, n-butanol butanediol, 
isopropanoi, butyric add, methane, citric Acid; fumaric acid, lactic aold. propionic 
add. succinic acld» Itaconic acid,' acetic acld,.aceta!dehyde and 3-. 
hydroflvprcpionic acid* 
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